. Here, members of each of the three larger superfamilies Sylvioidea, 86
Muscicapoidea and Passeroidea, display the maximum range of interspecific sperm length variation 87 known for birds, roughly 40 µm to 300 µm (see Pitnick et al. 2009; Lifjeld et al. 2010; Immler et al. 88 2011 Immler et al. 88 , 2012 for lists of species-specific sperm lengths). Passerines also appear to have higher levels of 89 sperm competition relative to the other avian orders, though there is still considerable variation among 90 species (Westneat & Sherman, 1997; Griffith, Owens & Thuman, 2002) . Recent comparative studies 91 have revealed three general patterns that link sperm length variation to the level of sperm competition 92 in passerines. 93
First, there is general trend that longer sperm have evolved in taxa with high sperm 94 competition (Briskie, Montgomerie and Birkhead, 1997; Kleven et al. 2009 , Immler et al. 2011 . A 95 similar pattern is observed for other animal groups, including insects (Morrow & Gage, 2000) , fish 96 (Balshine et al. 2001 ) and mammals (Gomendio & Roldan, 1991; Tourmente, Gomendio & Roldan, 97 2011; but see Gage & Freckleton, 2003) . In birds, however, the relationship does not appear to be 98 linear and there are many species with high sperm competition that exhibit relatively short sperm 99 (Immler & Birkhead, 2007; Immler et al. 2011) . Second, pairs of closely related species with high 100 sperm competition have more divergent sperm lengths than those with low sperm competition (Rowe 101 et al. 2015) . This indicates that the rate of evolutionary change in sperm length is higher in species 102 with more sperm competition, and also suggests that changes may go in either direction and not 103 always towards longer sperm. Finally, there is a strong negative association between the level of 104 sperm competition and the variation in sperm length among males in a population (Calhim, Immler & 105 Birkhead, 2007; Kleven et al. 2008; Lifjeld et al. 2010; Laskemoen et al. 2013) . This is consistent 106 with a model of stabilizing selection where males with sperm sizes around the population mean are 107 predicted to be more successful in sperm competition. Thus, sperm competition seems to be a strong 108 force of stabilizing selection, which over evolutionary time scales causes rapid evolution and 109 diversification in sperm length. Stabilizing selection causing trait divergence may seem paradoxical, 110 F o r P e e r R e v i e w 5 but it is not. Stabilizing selection with a moving adaptive peak is a well-recognized process of 111 evolutionary change (Estes & Arnold, 2007) . 112
Here, we analysed variation in sperm length among 20 species of African greenbuls and one 113 species of bulbul, all belonging to the Pycnonotidae family, which is part of the Sylvioidea clade with 114 larks, swallows, and several families of warblers and babblers as their closest relatives (Fregin et al. 115 2012) . The Pycnonotidae consists of two major clades; the African greenbul radiation and the Asian 116 bulbul radiation (Pasquet et al. 2001; Moyle & Marks, 2006) . The African bulbuls (Pycnonotus) 117 belong to the Asian radiation and have more recently colonized Africa. The African greenbuls consist 118 of about 60 species from 13 genera (Gill & Donsker, 2015) . The phylogeny of the group is now well 119 resolved and the revised classification reflects monophyletic genera (Johansson et al. 2007; Jetz et al. 120 2012) . Our study species represent six genera of greenbuls from Western Africa, for which there is 121 almost no information available concerning sperm morphology; as is indeed the case for most African 122
birds. 123
Our main aim was to examine how sperm size has diversified over the evolutionary history of 124 our study species and to test how well various evolutionary models might explain the contemporary 125 interspecific variation in sperm total length and length of sperm components (i.e. head, midpiece and 126 flagellum lengths). We mapped species' sperm lengths onto an ultrametric tree constructed from the 127 most comprehensive multilocus phylogenies available (Jetz et al. 2012) , supplemented with some of 128 our own sequences of a mitochondrial gene, and tested the fit of a range of evolutionary or tree 129 transformation models. We also quantified intraspecific variation in sperm total length as a proxy for 130 extra-pair paternity, in order to test for a possible signal of sperm competition in the diversification of 131 sperm size. 132
133

MATERIAL AND METHODS 134
STUDY SPECIES 135
F o r P e e r R e v i e w F o r P e e r R e v i e w glass slide and allowed to air-dry. We then gently rinsed slides with distilled water and air-dried them 167 again. Next, high magnification (160× or 320×) digital images of sperm cells were taken using a Leica 168 DFC420 camera mounted on a Leica DM6000 B digital light microscope (Leica Microsystem, 169 Heerbruug, Switzerland). The Leica Application Suite (version 2.6.0 R1) was used to measure (± 0.1 170 µm) the length of the sperm head, midpiece and tail (i.e. the section of the flagellum not entwined by 171 the midpiece), from which we calculated flagellum length (sum of midpiece and tail length), sperm 172 total length (sum of head and midpiece and tail length) and the ratios of midpiece:flagellum length, 173 flagellum:head length and midpiece:sperm total length. We measured 10 morphologically intact 174 spermatozoa for each male (i.e. no head damage or broken tail) following the recommendation in 175
Laskemoen et al. (2007) . Sperm measurements were highly repeatable for head, midpiece and tail (all 176 r> 80%, all P< 0.001). 177
We calculated the coefficient of intra-male (CV wm ) and inter-male (CV bm ) variation in sperm 178 total length using the formula, CV = (SD/Mean) × 100. For the CV bm metric, we corrected for sample 179 size (n) variation using CV bm = (SD/Mean) × 100 (1 + (1/4n)), as recommended in Sokal & Rohlf 180 (1981) . 181
182
SPECIES PHYLOGENY 183
The phylogeny for our study species was obtained from www.birdtree.org (Jetz et al. 2012) , which 184 comprises publicly available molecular sequence data for a wide range of avian species. We 185 downloaded 1000 phylogenetic trees (Hackett backbone) for 18 of our 21 study species and 186 summarised these trees onto a single maximum clade credibility tree using median node heights at 0.5 187 posterior probability limits in TreeAnnotator (version 1.6.2, Rambaut & Drummond, 2009 ). We then 188 manually coded the three remaining species (i.e. those with missing sequence data from Jetz et al. 189 (2012) ) into the maximum clade credibility tree (i.e. at the middle branch length of their sister taxon) 190 based on literature sources for Phyllastrephus poliocephalus (Zuccon & Ericson, 2010 ) and a 191 mitochondrial gene tree (COI) derived from our study individuals for both Phyllastrephus baumanni 192
and Chlorocichla simplex .21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   8 To obtain this COI tree, we sequenced the first part of the COI gene, between 650 and 750 bp 194 in length corresponding to the standard DNA barcode marker for animals (Hebert et al. 2003; see 195 Appendix S1 and Table S1in Supplementary Information). Sequences are available in the folder 196 BONGR at the BOLD database (Ratnasingham & Hebert, 2007) . We first aligned sequences using 197
ClustalW in the program MEGA version 6.06 (Tamura et al. 2013) , and then applied the Kimura 2-198 parameter model to construct a Maximum Likelihood tree with branch length at 10000 bootstrap 199 iterations. Species nomenclature is based on the IOC World Bird List (Gill & Donsker, 2015) . 200
201
DATA ANALYSIS 202
All analyses were performed with the statistical package R (version 2.15.2, R Development Core 203
Team, 2013). We applied log-transformations to improve distributions for all sperm traits prior to 204 analysis, with the exception of the ratios of sperm midpiece:flagellum length and sperm midpiece:total 205 length which were logit-transformed following the recommendation of Warton & Hui (2011) . We used 206 an ANOVA to test for differences in sperm traits (i.e. the length of sperm head, midpiece, flagellum, 207 total length and CV wm ) among species, and tested for differences in the CV bm of total sperm length 208 using homogeneity of variance tests (Levene's test). 209
We performed phylogenetic generalized least-squares (PGLS) regressions to examine 210 associations among sperm traits, and to test whether sperm size was associated with male body mass. 211
Separate models were run for each sperm trait. The PGLS approach accounts for the statistical non-212 independence of data points due to common ancestry of species (Pagel, 1999; Freckleton, Harvey & 213 Pagel, 2002) and allows the estimation (via maximum likelihood) of the phylogenetic scaling 214 parameter lambda (λ): λ values = 0 indicate phylogenetic independence, while values = 1 indicate 215 phylogenetic dependence. We tested the likelihood ratio of λ value against λ = 1 and λ = 0. PGLS 216 regressions were performed using package 'caper' (Orme et al. 2012 ) . 217
To quantify the phylogenetic signal in sperm traits, we calculated Pagel's λ (Pagel, 1999) and 218
Blomberg's K (Blomberg et al. 2003) using the package 'phytools' (Revell, 2012) . Log-likelihood 219 ratio tests were used to determine if estimated maximum likelihood values for λ differed from 0 (i.e. 220 no phylogenetic signal), whereas for Blomberg's K we used the randomization test to determine 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   9 whether traits exhibited a phylogenetic signal (i.e. K> 0). Values of K can exceed 1, in which case they 222 indicate more similarity among related taxa than expected under a Brownian motion model of trait 223 evolution. We used these two measures (i.e. Pagel's λ and Blomberg's K) as they are not identical 224 measures of phylogenetic signal; rather λ measures the strength of the phenotypic -genotypic 225 covariance assuming Brownian motion (λ = 1 equals Brownian motion), while K reflects the 226 partitioning of trait variance among and within clades: high K implies more variance among clades (i.e. 227 deeper in the phylogeny), whereas low K means more variance among the terminal branches. In 228 addition, we mapped sperm size evolution on the phylogeny using the contMap function in 'phytools ' 229 (Revell, 2013) . This method allows for the visualisation of contemporary trait values as well as their 230
constructed phenotypic values at internal nodes in the tree. We visualised trait variation for both sperm 231 total length and sperm head length separately because of the different evolutionary trajectories of these 232 traits (Immler et al. 2011; Rowe et al. 2015) . Additionally, we visualised ancestral trait values for 233 sperm total length using a traitgram using the function 'phenogram', and then extended this to 234 incorporate uncertainty in the reconstructed ancestral trait values using the function fancyTree in the 235 'phytools' package (Revell, 2013) . 236
Finally, we used the fitContinuous function in the 'geiger' package (Harmon et al. 2008) to 237 compare the fit of five tree transformation models against a null model of Brownian motion (BM), i.e. 238 sperm divergence is perfectly predicted by the phylogenetic distance. The models were 1) Lambda: 239 phenotypic divergence covaries with phylogenetic distance, but allows for variable evolutionary rates, 240 2) Delta: the evolutionary rate accelerates or decelerates over time, 3) Kappa: evolutionary change 241 occurs at speciation events, but is not proportional to branch length, 4) Ornstein-Uhlenbeck (OU): a 242 random walk within a constrained trait space, where traits tend to converge towards a single value, and 243 5) Early Burst (EB): an early burst of trait diversification followed by reduced evolutionary rates (or 244 stasis). These models provide an estimation of the net rate of evolution (σ 2 ) for the trait in question. 245
For models departing from a simple BM process, a number of additional parameters that describe the 246 evolutionary trajectory of a trait are also estimated. The Lambda model estimates the parameter λ, 247 which describes the extent to which phylogeny predicts covariance among trait for species. The Delta 248 model estimates the parameter δ, which compares the contributions of early versus late evolution21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 across a phylogeny; δ = 1 indicates gradual evolution, 0 < δ < 1indicates most trait evolution is near 250 the base of the tree, whereas δ > 1 indicates most trait evolution occurs near the tips of the tree. The 251 Kappa model estimates the parameter κ, where κ = 1 indicate gradual evolution across the phylogeny, 252 κ = 0 implies a punctuated model of evolution with evolutionary change associated with speciation 253 events, 0 < κ < 1indicates more trait evolution than expected on shorter branches and thus more stasis 254 on longer branches, while κ >1 indicates more trait evolution than expected on longer branches. The 255 Ornstein-Uhlenbeck model includes the parameter α, which reflects the evolutionary constraint on 256 trait evolution or the 'attraction' towards a single optimal phenotypic value, and as α approaches 0 the 257 model collapses to a BM model. Finally, in the Early Burst model, the additional parameter is r, which 258
indicates the change in rate of trait evolution through time; when r = 0 the model collapses to a pure 259 BM model in which σ 2 is constant. 260
We compared models using the Akaike Information Criterion corrected for small sample size 261 (AICc); the model with the lowest AICc value indicates the best-fit model. We also calculated Akaike 262 weights for all models and used both ∆AICc and Akaike weights values to assess model support. 263
Value of ∆AICc ≤2 indicates substantially supported models, while those in which 4 ≤ ∆AICc ≤ 7 264
indicates less plausible models (Burnham & Anderson, 2004) . We analysed the evolution of head 265 length, midpiece length, flagellum length and total sperm length separately. 266
267
RESULTS
268
Sperm total length ranged from 70 µm in Phyllastrephus baumanni to 117 µm in Eurillas curvirostris 269 (Table 1; Table S2 ). All sperm traits showed significant variation among species (Table 1) , though 270 values for sperm head length varied within a narrow range (11-16 µm). In contrast, sperm total length 271 was highly variable and most of this variation was explained by the length of the flagellum (Table 1 ; 272 Fig. 1 ). The coiled midpiece was typically elongated and extended two thirds or more along the length 273 of the flagellum (Fig. 1) . 274
Sperm head length showed significant negative association with midpiece length (β = -0.03 ± 275 negatively correlated with the rate of extra-pair paternity in passerine birds (Calhim et al. 2007; 284 Immler et al. 2008; Kleven et al. 2008; Lifjeld et al. 2010) , these results suggest that there is little or 285 no variation among the study species in extra-pair paternity. The average sperm total length CV bm 286 value for the 12 species for which sperm length was measured for >3 males, was 2.82 ± 0.89 SD 287 (range 1.61-4.23; Table 1) . 288
Mapping sperm total length onto the phylogenetic tree (Figs 2A; 3) , we found that the majority 289 of species (N = 12), with representatives from all genera except Eurillas, exhibited total sperm length 290 within a relatively narrow range of 79 µm to 89 µm, which is close to the estimated ancestral value for 291 sperm total length (84 µm) for the group (Fig. 3) . The Eurillas had consistently longer sperm (103-292 117 µm) than all other genera. Within this genus, the sister species Eurillas ansorgei and E. gracilis 293 seem to have diverged fairly rapidly in total sperm length ( Fig. 2A ; Table 1 ). The genus 294
Phyllastrephus is characterized by a short sperm head (Fig. 2B ); values ranged from 11.8 µm to12.5 295 µm, which was not overlapping with the other genera (13.4-15.5 µm; The tests of five different models for sperm traits' evolution suggest that evolutionary 312 trajectories in sperm total length, flagellum and head length were often best explained by the Kappa 313 model (∆AICc = 0; Table 3 ), For flagellum length and sperm total length the Lambda model also had 314 reasonable support (Table 3) . For midpiece length, the Lambda model had the best support but the 315
Kappa and OU models also had reasonable support (Table 3) . Finally, the evolutionary trajectory of 316 sperm head length was best explained by the Kappa model. The other models (BM, Delta and EB) 317 assume that the evolutionary rate changes over time within lineages in various ways, and they all 318 received no support for the evolution of sperm traits. 319
320
DISCUSSION 321
Here, we analysed sperm size diversification in a group of endemic African passerines -the greenbuls. 322
Very little information exists on sperm morphology for this group (two species included in Albrecht et 323 al. 2013, Table S1 ), thus the descriptive data on sperm morphology presented here contribute to the 324 general knowledge base for the individual species, and also fill a gap in our broader understanding of 325 how sperm morphology varies among clades in the passerine phylogeny. More importantly, through 326 the use of the analysis of evolutionary trajectories of sperm size diversification in a phylogenetic time-327 calibrated framework the results indicate lineage-specific rates of sperm evolution in this group. The 328 diversity of sperm sizes among contemporary species therefore appears to not only be a result of 329 neutral evolution by genetic drift, but suggests a role for selection and constraints. In the following we 330 discuss these perspectives in more detail. Macedo, Karubian & Webster, 2008; Reddy, 2014) . This general pattern also 333 holds true for descriptive data on sperm morphology. Our study confirms that the African greenbuls 334 exhibit the typical filiform passerine sperm with a corkscrew-shaped head and an elongated midpiece 335 consisting of a mitochondrial helix coiled around most of the flagellum. An extended midpiece along a 336 very long flagellum is typically seen in the Passerida group of the oscine passerines (Jamieson, 2006) , 337 to which the greenbuls belong. Within this group, sperm sizes for certain species can reach nearly 300 338 µm. In the Hirundinidae family, which is closely related to the Pycnonotidae (Fregin et al. 20102) , 339 sperm lengths can reach up to 240 µm, as exemplified by the tree swallow Tachycineta bicolor 340 et al. 2010 et al. , Immler et al. 2011 . However, greenbul sperm are much shorter than this and 341 lie within a relatively narrow range of 70 µm to 120 µm. This is a quite common size range for many 342
Passeridan taxa, including several families within the Sylvioidea superfamily that are closely related to 343 the Pycnonotidae, like Old World warblers, Sylviid babblers, larks and long-tailed tits (cf. sperm 344 lengths for species listed in Lifjeld et al. 2010 , Immler et al. 2011 , Immler, Gonzalez-Voyer & 345 Birkhead, 2012 . Thus, the sperm of African greenbuls are of similar size as their closest relatives, and 346 they share the general pattern of a significant size variation among species. 347
Our results also show that the variance in sperm lengths among males in a population is rather 348 homogeneous across species. Because sperm length variance (CV bm ) is negatively related to the 349 frequency of extra-pair paternity (Calhim et al. 2007 , Lifjeld et al. 2010 , Laskemoen et al. 2013 , the 350 homogeneous variances suggests that the level of sperm competition is not especially variable among 351 our greenbul species. The average CV bm value for the group (2.87) gives an estimate of 14% extra-pair 352 young when applying the formula given in Lifjeld et al. (2010, Fig. 2 ), which is a quite moderate level 353 for passerine birds (Griffiths et al. 2002) . As far as we are aware, there are no published paternity 354 studies from the Pycnonotidae. The lack of support for inter-specific variation in the level of extra-pair 355 paternity suggests there is little to no scope for detecting signatures of sperm competition in the 356 evolution of sperm traits in this group (see PGLS regression between CV bm and sperm traits, Table S5 ). 357
The comparative analyses of sperm diversification within the greenbul phylogeny revealed a 358 clear signature of phylogeny, in which the magnitude of divergence between any two lineages is Brownian motion model of neutral evolution, because lineages did not have a constant rate of sperm 361 evolution. There are several examples of variable divergence rates in the traitgram (Fig. 3) , where 362 single species or lineages (e.g. Eurillas) rapidly diverge from their relatives. These rapid divergences 363 occurred for some lineages early in the evolutionary history of the group, as shown by the early 364 increase in sperm length for the Eurillas greenbuls. Single species within the Arizelocichla, Criniger 365
and Phyllastrephus diverged from their congeners at the mid-age of the phylogeny and evolved shorter 366 sperm. There is also a striking example of a recent and seemingly rapid divergence in sperm length for 367 the closely related Criniger barbatus and Criniger chloronotus, which in some earlier classifications 368 (e.g. Howard & Moore, 2 nd edition, 1991), were considered conspecific subspecies. Taken together, 369 these divergences leave a clear impression that sperm size can evolve fast in some lineages and be 370 rather stable in others at a given point in time in the phylogeny. 371
We found that evolutionary diversification in sperm size in this group was best supported by 372 the Kappa model which suggests that most divergence in sperm size occurred shortly after the 373 speciation event (the nodes) and evolution was proportionally faster in shorter branches, so more stasis 374 on longer branches. We also found reasonable support for the Lambda model in the evolutionary 375 trajectories of sperm size. This model allows for variable rates of trait evolution among clades or 376 lineages. A constant rate of evolution among lineages would be identical to the Brownian motion 377 model. For the midpiece length, evolutionary trajectories were supported by multiple models: the 378 Lambda, Kappa and OU models received substantial support (all ∆AICc <2). Generally, there was no 379 evidence that the diversification in sperm traits occurred predominantly early in the phylogeny (the 380 Early Burst model) and/or that sperm lengths accelerated or decelerated within lineages (Delta model). 381
Compared to the midpiece, flagellum and sperm total length where evolutionary trajectories 382 were supported by two or more models respectively, the evolution of sperm head length was only 383
supported by the Kappa model. Generally, there is a consistent pattern in passerine birds that shows 384 evolution of the sperm head differs fundamentally from the evolution of the flagellum or sperm total 385 length (Immler et al. 2011; Rowe et al. 2015) . For example, in a recent comparative analysis, Rowe et 386 al. (2015) showed that sperm competition had a significant effect on the divergence rates in sperm total length for 36 pairs of passerine species, whereas sperm competition had no such influence on the 388 divergence in sperm head length. The results also suggested sperm head size is evolutionarily 389 constrained, whereas there was no evidence for such constraints on midpiece, flagellum or total sperm 390 length (Rowe et al. 2015) . 391
The variable rate of sperm size evolution observed among greenbul species poses new 392 questions about the mechanisms behind sperm diversification. The support for the Kappa model of 393 evolution suggests that sperm size evolves particularly fast around speciation or splitting events. This 394 might be explained by sperm divergences being accelerated by postcopulatory sexual selection at the 395 early stages of speciation, e.g. by reinforcement. Our sperm data suggest that greenbuls have a mating 396 system with sperm competition, although at moderate levels for passerine birds. However, sperm 397 competition does not seem to be much variable among species, at least not among our contemporary 398 study populations. Therefore, the variable rates of sperm evolution among lineages can hardly be 399 explained by different levels of sperm competition in these lineages. 
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Criniger, and a preliminary phylogeny of the bulbuls (Aves, Passeriformes, Pycnonotidae). Appendix S1. DNA extraction, COI gene sequencing and phylogeny construction of greenbuls. Table S1 . Detailed information of the 60 individuals of 21 species of greenbul used for the COI tree.
Table S2
Sperm morphology data for 167 individual male of 21 species of greenbul used in analysis.
Lengths (µm) of sperm head, midpiece, flagellum and total sperm are based on average of 10 spermatozoa measured per individuals. The CV wm is the coefficient of intra-male variation of sperm total length. Table S3 . Regression analysis controlling for phylogeny (PGLS) among sperm traits in 20 greenbuls and one bulbul species. The model including the maximum-likelihood of lambda (λ) value was compared against the models including λ = 1 and λ = 0, and superscripts following the λ values indicate probability (P) of likelihood-ratio of sperm trait (first position: against λ = 0; second position: against λ = 1). Table S4 . Regression analysis controlling for phylogeny (PGLS) between sperm traits and sperm competition (sperm length CV bm ) among 10 greenbul and one bulbul species. The model including the maximum-likelihood of lambda (λ) value was compared against the models including λ = 1 and λ = 0, and superscripts following the λ values indicate probability (P) of likelihood-ratio of sperm trait (first position: against λ = 0; second position: against λ = 1). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 PCR-products were electrophoresed in 1% agarose TBE to quantify amplification success and exclude any contamination. We then digested unexpended nucleotides and primers in the remaining PCRproduct using Exosap-IT (1:10, of Exonuclease I and Shrimp Alkaline Phosphatase) and allowed it to run at 37 o C for 45 min and at 80 o C for 15 min to deactivate the enzyme. The sequencing reactions were performed by StarSEQ GmbH (Germany) and the sequences were proofread in CodonCode Aligner v3.7.1 (CodonCode Corporation). Sequences and supporting information are available in the BOLD database (Ratnasingham and Hebert 2007) in the project folder NHM-Birds-Greenbul (BONGR) .We aligned mtDNA sequences using ClustalW in the program MEGA version 6.06 (Tamura et al. 2013 ). We applied Kimura 2-parameter model and 10000 bootstrap iterations to construct a maximum likelihood tree with branch lengths (Fig S1) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w Table S2 . Sperm morphology data for 167 individual male of 21 species of greenbul used in analysis. Length (µm) of sperm head, midpiece, flagellum and total sperm total are based on average of 10 spermatozoa measured per individuals. The CV wm is coefficient of intra-male variation of sperm total length F o r P e e r R e v i e w F o r P e e r R e v i e w F o r P e e r R e v i e w F o r P e e r R e v i e w Table S3 . Regression analysis controlling for phylogeny (PGLS) among sperm traits in greenbuls (N = 21 species) and one bulbul. The model including the maximum-likelihood of lambda (λ) value was compared against the models including λ = 1 and λ = 0, and superscripts following the λ values indicate probability (P) of likelihood-ratio of sperm trait (first position: against λ = 0; second position: against λ = 1) 
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